Locking bone plates are now being used in veterinary orthopaedics. They reflect an evolution in the principles of application, design and biomechanics from the traditional dynamic compression plate. Locking plates have replaced dynamic compression plates in human orthopaedic surgery as they offer significant biomechanical and biological advantages over standard compression plates. There are multiple locking plate systems available in the veterinary market including several veterinary procedure-specific designs. This paper reviews the biomechanics and application of locking plates relevant to veterinary orthopaedic surgery and compares three of the commonly available veterinary locking plate systems. Aust Vet Pract 2013;43(3):483-487
INTRODUCTION
Bone plates are utilised for osteosynthesis in the management of fractures, corrective osteotomies, osteoarthritis and oncologic surgery ( Table 1) . [1] [2] [3] [4] The dynamic compression plate (DCP) has long been the standard for these procedures in both veterinary and human orthopaedic surgery. The DCP was developed and tested in animals and subsequently used in fracture management in people with the first published reports in 1969. 5 Since then, the understanding of the biomechanics and biological impact of plate design and application has developed and resulted in the advent of locked plate designs. 6 Locking plates were developed to address some of the problems associated with the use of DCPs in people. 6 These problems included loss of fixation in osteoporotic bone, compressioninduced resorption of bone and loss of fracture reduction when the plate was not perfectly contoured to the bone surface. 6, 7 The aim of this review is to alert the practitioner to the availability, biomechanics, application, advantages and limitations of locking plates in veterinary orthopaedic surgery. The evolution from DCP to the locking plate design will also be described.
DYNAMIC COMPRESSION PLATE
Dynamic compression plates stabilise bone segments by converting the torque applied during screw insertion into a compression force creating high frictional resistance between the plate and the bone segment ( Figure 1 ). 5 Maintenance of plate compression against the bone depends on maintenance of an effective interface between the screw threads and the bone. 8 Any decrease in bone quality that affects the integrity of the thread-bone interface can lead to loss of plate compression against the bone, loss of effective frictional contact with the bone and primary loss of fixation and instability. 8 While maintenance of DCP compression against the bone surface is essential for maintenance of fracture stability, it has a number of detrimental effects. Compression of the DCP against the bone has been shown to compromise periosteal blood supply and cause consequent bone resorption under the plate. 9 Compression of an imperfectly contoured DCP plate can also lead to translation or angulation of bone fragments and intraoperative loss of fracture reduction. While there are obvious mechanical benefits to anatomic reconstruction, under certain fracture configurations this is not possible and when performed, can be associated with significant damage to the blood supply to the fracture site. 11 The damage caused to th local tissues and blood supply during anatomic reduction will prolong fracture healing and increase the likelihood of non-union.
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The limited contact dynamic compression plate (LC-DCP) was introduced in the 1990's and represents a modification to the DCP design. 8 The LC-DCP has a scalloped under-surface ( Figure 2 ) that is proposed to allow better periosteal perfusion underneath the plate due to less contact, more evenly distributes stiffness along the plate length and permits longitudinal screw angulation of up to 80 o . The DCP and LC-DCP both permit inter-fragmentary compression which maximises the mechanical properties of fractures repaired with anatomical reconstruction.
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LOCKING BONE PLATES
Unlike DCPs, locking plates do not rely on screw torque to generate and maintain compression of the plate against the bone in order to produce stability. 12 Stability in locked plates is achieved by rigid fixation of the screw to the plate. 6 This gives rise to the term locked internal fixator (LIF) as the biomechanics of locked plates are similar to external skeletal fixators. 13, 14 This single feature of rigid fixation of the screw to the plate is the key difference between the DCP and locking plates and resolves several of the limitations of DCPs. Plate-screw stability in LIF's is most commonly achieved by thread fixation of the screw to the plate hole, however several other mechanisms are utilised in products available on the veterinary market. , and by a stronger screw thread (titanium alloy) cutting a thread into the weaker (pure titanium) plate hole (PAX). 16 The benefits and limitations between various locking plate designs extend beyond the locking mechanism and include:
Cost and system compatibility
There is a great discrepancy between inventory costs of different systems and their compatibility with standard instrumentation.
Some systems are compatible with standard compression screws and drill bits while other systems require a completely refurbished inventory.
Screw direction, dimensions and inter-fragmentary compression
Not all locking plate designs have the ability to achieve inter- 
Plate sizes and shapes
Several of the plate manufacturers supply a range of procedurespecific plates (tibial plateau leveling osteotomy, double pelvic osteotomy, arthrodesis) which can simplify application as they are of specific size and shape designed for the procedure. A range of plate sizes (length and thickness) and screw configurations are also available for various fracture configurations and animal size.
Material type
Variations in screw and plate material types (eg. stainless steel versus titanium) affects both the mechanical behaviour as well the tolerance to plate contouring.
LOCKING BONE PLATES
The most commonly used systems in veterinary orthopaedics are discussed below. Table 2 summarises the key features of several locking plate systems currently available.
Locking Compression Plate (LCP)
The LCP permits use of angled conventional (compression) screws and fixed-angle locked screws through its patented combihole design ( Figure 3 ). The combi-hole is a combination of a DCP hole and a locking hole allowing the surgeon to place either a compression or a locked screw. This versatility allows the surgeon to use the LCP as a LIF, as a standard compression plate, or as a combination of both. When locked screws are placed in the LCP, they must be aligned perpendicular to the plate hole and behave as a rigid internal fixator. 20 
String of Pearls (SOP)
The SOP system is unique as it can be contoured in six planes whereas the standard bone plate only permits bending in four planes ( Figure 4 ). Standard cortical screws are used in all plate holes ( Figure 3 ). While screws must be placed perpendicular to the thread of the screw hole, angled locked screw placement through the bone is possible with precise plate contouring. 21 Interfragmentary compression is not possible with the SOP.
Advanced Locking Plate System (ALPS)
The ALPS accepts perpendicular locked screws and angled unlocked screws but does not permit interfragmentary compression except by use of a non-locked lag screw through a plate hole. 17, 22 There is no compatibility between standard screws and the titanium ALPS plate holes ( Figure 5 ).
POTENTIAL BENEFITS OF LOCKING PLATES OVER COMPRESSION PLATES
Locking plates do not rely on bone-to-plate friction for stability and consequently are considered to be more tolerant to higher loads than fractures repaired with a DCP. This feature also obviates the need for accurate plate contouring against the bone. The obviated need for plate contouring simplifies plate application, can reduce surgical time and facilitates the use of LIF's for minimally invasive osteosynthesis techniques. Furthermore, the absence of periosteal compression by the plate may better preserve periosteal blood supply than a compression plate.
As a general guide, fewer screws per fracture fragments are required with locking plates than with compression plates, 14 which may reduce surgical time and inventory cost. When using locking plates, comminuted, diaphyseal long bone fractures can be repaired with as few as two screws per fracture fragment which would be considered high risk with a DCP repair without additional support ( Figure  6) . 13 Because the plates act as a LIF, monocortical screw placement is acceptable in locking plate designs compared to their limited usefulness in a self-compressing (DCP, LC-DCP) plate design. 
APPLICATIONS
Locking plates can be used in the same circumstances that DCPs have been used. In many situations they provide significant advantages over standard compression plates. However, a thorough understanding of the differences in application of each system is important for their successful use.
Repair of long bone diaphyseal fractures is a common indication for the use of LIF's ( Figure 6 ). They can also be implanted in the stabilisation of axial skeleton fractures (Figure 7) . The improved stability of locked screws in thin and poor quality bone makes LIFs particularly useful in pelvic, spinal and scapula stabilisation. In fractures where limited bone stock is present such as juxta-articular or highly comminuted configurations, the improved biomechanical behaviour of LIF's and use of fewer screws per fracture fragment compared with compression plating is an obvious advantage. The use of procedure specific locking plates in tibial osteotomies during the surgical management of cranial cruciate ligament instability is probably the most common application and may be associated with increased stability when compared to traditional plates ( Figure 8 ).
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CONCLUSION
Locking bone plates are now standard implants in human orthopaedics and their use is becoming more commonplace in veterinary orthopaedics. Locked internal fixator's offer several operative, mechanical and biological advantages over standard compression plates. Various locking systems are currently available in Australia. Practitioners should recognise the advantages and disadvantages of the various systems and be family with the specific requirements of the systems they use.
